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Abstract
The lack of SNP arrays for less traditional livestock species has led researchers to explore the possibility of
applying the use of commercial SNPs already detected in other related livestock species. For example, the
medium density bovine and ovine SNP chips have been successfully used to detect polymorphic SNPs in
several other species. The dromedary camel belongs to the Camelidae family and represents an important
source for production of milk, transportation and meat in several countries. Until now, no SNP chip has been
developed for the dromedary and genome information is still incomplete when compared to other livestock
species. In this study, 8 to 17 dromedary samples were genotyped using 3 different ruminant species SNP
chips: the Bovine 777K SNP BeadChip, the Ovine 600K SNP BeadChip, and the Caprine 50K SNP
BeadChip. The quality of hybridization was assessed considering the average value between the 10%GC and
the 50%GC (averageGC) scores and the call rate. Only SNPs with averageGC >0.70 and call rate=1.0 were
considered.
A total of 29,900 Bovine and 14,179 Ovine SNPs were considered successfully genotyped while none of the
Caprine SNPs were qualified for further analysis. Among these SNPs, only 27,585 for the bovine and only 88
for the ovine were polymorphic in our dromedary dataset. These SNPs could represent the first step towards
the development of a SNP chip useful for this camelid species after appropriate validations.
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Abstract
The lack of SNP arrays for less traditional livestock species has led researchers to explore the possibility of
applying the use of commercial SNPs already detected in other related livestock species. For example, the
medium density bovine and ovine SNP chips have been successfully used to detect polymorphic SNPs in
several other species. The dromedary camel belongs to the Camelidae family and represents an important
source for production of milk, transportation and meat in several countries. Until now, no SNP chip has been
developed for the dromedary and genome information is still incomplete when compared to other livestock
species. In this study, 8 to 17 dromedary samples were genotyped using 3 different ruminant species SNP
chips: the Bovine 777K SNP BeadChip, the Ovine 600K SNP BeadChip, and the Caprine 50K SNP
BeadChip. The quality of hybridization was assessed considering the average value between the 10%GC and
the 50%GC (averageGC) scores and the call rate. Only SNPs with averageGC >0.70 and call rate=1.0 were
considered.
A total of 29,900 Bovine and 14,179 Ovine SNPs were considered successfully genotyped while none of the
Caprine SNPs were qualified for further analysis. Among these SNPs, only 27,585 for the bovine and only
88 for the ovine were polymorphic in our dromedary dataset. These SNPs could represent the first step
towards the development of a SNP chip useful for this camelid species after appropriate validations.
Keywords: Camelus dromedarius, gene call, ruminants
Introduction
Over the past several years, the increase in genomic technologies and molecular information has provided
the possibility of developing useful tools for genome wide analyses in livestock. The implementation of
high-density SNP panels for farm animals has provided the opportunity of performing genome-wide studies
to scan in parallel a massive number of loci across the genome and identify associations with commercial
production traits and/or diseases, providing more comprehensive pictures of the genetic control of important
economic traits. Since 2008, beginning with cattle (Matukumalli et al 2009), a series of Single Nucleotide
Polymorphism (SNP) chips of medium and high density have been developed and assessed for the major
livestock species such as cattle, pig, sheep, horH,19se and goat (reviewed by Nicolazzi et al 2015).
The single-humped Dromedary camel (Camelus dromedarius) belongs to the old world Camelidae
subfamily and represents almost 90% of the genus Camelus.  It is distributed in the hot arid areas of the
Middle East and Africa (Dorman 1986). Dromedaries are multipurpose animals with females used primarily
as milk producers, the males for transport or draught and both sexes provide meat as a tertiary product
(Bulliet 1990; Grigson 2012). The dromedary camel represents a good source of meat especially in arid areas
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because of its peculiar physiological characteristics that make it extremely tolerant to high temperatures,
solar radiation, water and food scarcity. (Kadim et al 2008).  So far, genomic resources tailored for
dromedary studies are lacking. Recent research has provided first preliminary assemblies of two different
female dromedaries (Wu et al 2014; Fitak et al 2016). Microsatellite variability (e.g. Evdotchenko et al 2003;
Ahmed et al 2010; Mahmoud et al 2016) has been investigated mainly for population genetics purposes.
Additionally, SNPs have been determined by resequencing gene regions to analyze genetic diversity and to
identify markers associated with milk and meat traits (e.g. Pauciullo et al 2014; Khabiri et al 2014). The
SRA (Short Read Nucleotide) database contains available NGS (Next Generation Sequencing) reads of a
very limited number of dromedaries even if the number is increasing.
The lack of SNP arrays for less traditional livestock species, e.g. Camelidae, as well as the limited
knowledge about their genomes, has led researchers to consider exploring the possibility of applying these
existing commercial SNPs to other species and to assess the quality of hybridization and the possibility of
their use in genotyping analysis. For example, the medium density bovine SNP chip has been used with
several degrees of success to detect polymorphic SNPs in European and American bison (Pertoldi et al
2010), in two antelope species (Ogden et al 2012), in two reindeer species of the Cervidae family (Haynes
and Latch 2012) and in Russian reindeers (Kharzinova et al 2015). In the same work, Kharzinova et al
(2015) also analyzed and detected polymorphic SNPs genotyping the same Russian reindeer with the ovine
SNP chip. The success of these approaches has varied between species, for number of SNPs detected,
applications and the possibility of false positive rate.
In this study, we investigated the results of dromedary samples genotyped with three SNP chips belonging to
three different species (Bovine, Ovine, and Caprine) to evaluate the quality of signals and to find SNPs that
could be useful for the dromedary camel. The three SNP chips were chosen because of they were all similar
species and to maximize the number of available SNPs that would allow finding the highest possible number
of high quality SNPs for the dromedary.
Material and methods
Blood samples were randomly collected from 17 dromedaries of unknown sex located in Egypt (Southern
Egypt Dromedaries, originated from Sudan and the Maghrabi breed). All animal care was provided by in
country providers and approved locally. Blood was collected on FTA papers, and sent to the United States
were they were processed. The animals were genotyped using the Bovine 777K-SNP BeadChip (8
dromedaries= DROM-BOV), the Ovine 600K-SNP BeadChip (17 dromedaries= DROM-OV) and the
Caprine 50K SNP BeadChip (12 dromedaries= DROM-CAP), all provided by Illumina (Illumina, San
Diego, CA).
The Genome Studio software (Illumina, San Diego, CA) was used to analyze the raw signals and to convert
into genotype calls for individual animals, loci genotyping and quality scores. Because the probe
hybridization can affect the genotyping results and therefore increase the number of false positives, the
reliability of the genome calls was estimated using several steps. First, performance at each locus was
evaluated calculating an averageGC (GeneCall) score, which was obtained considering the average between
10%GC and 50%GC scores (the 10th percentile and the 50th percentile of the GC scores respectively).
Following the manufacturer information of Genome Studio, the GC score is means by which to rank and
filter out failed genotypes, DNAs, and/or loci (Oliphant et al 2002). The threshold was assessed to capture
the highest number of SNPs with the highest value for averageGC score that ranged from 0 (bad
performance) to 1 (good performance). To select a quality threshold and perform the SNP selection, 70 cattle
samples genotyped with the bovine 50K SNP chip (Kim and Rothschild 2014), 42 sheep samples genotyped
with the ovine SNP chip (Zhao et al 2011) and approximately 80 goat samples genotyped with the goat SNP
chip (Kim et al 2015) were inspected with the same parameters (Figure 1).
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Figure 1. Average GC value frequency distribution of each locus using medium-density SNP chip and genotyping (a) Cattle with bovine SNP
chip b) Sheep samples with the ovine SNP chip, and c) Goat samples vs caprine SNP chip.
 In a same-species genotyping (bovine vs bovine, ovine vs ovine and caprine vs caprine) the averageGC
value of 0.7 was set as a common threshold that allowed us to retain 93.2%, 90.4% and 79.2% of bovine,
ovine and goat SNPs, respectively. Then, each SNP of the three different dromedary genotyping
combinations was screened considering the averageGC and only the loci with an average value ≥ 0.70 were
retained.
The software Plink 1.07 (Purcell et al 2007) was used to calculate the call rate of the SNPs selected during
the averageGC filtering step. Only SNPs with call rate=1.0 were considered. For the final selected SNPs, the
same software was used to calculate MAF (Minor Allele Frequency) to investigate the presence of
polymorphic SNPs.
Results and discussion
The application of the averageGC threshold procedures to the dataset allowed the retention of 130,828 SNPs
(~16.82%) for DROM-BOV, 18,871 SNPs (~3.11%) for DROM-OV and 8,009 SNPs (~15.01%) for
DROM-CAP (Figure 2). The filtered SNPs showed a wide distribution based on the call rate in all of the
SNP chip combinations (Figure 3).
Figure 2. AverageGC values frequency distribution of each locus using cattle 777K, Ovine 600K and Caprine 50K SNP chips for dromedary
(a) DROM-BOV b) DROM-OV c) DROM-CAP.
DROM-BOV: Dromedary samples genotyped with the Bovine 777K-SNP BeadChip.
DROM-OV: Dromedary samples genotyped with the Ovine 600K-SNP BeadChip.
DROM-CAP: Dromedary samples genotyped with the Caprine 50K SNP BeadChip.
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Figure 3. Call rate distribution of the SNPs with averageGC >0.7 across the different SNP chips.
DROM-BOV: Dromedary samples genotyped with the Bovine 777K-SNP BeadChip.
DROM-OV: Dromedary samples genotyped with the Ovine 600K-SNP BeadChip.
DROM-CAP: Dromedary samples genotyped with the Caprine 50K SNP BeadChip.
Among the initial filtering a total of 29,900 SNPs for DROM-BOV and 14,179 for DROM-OV had Call
Rate= 1.0 and were considered for the subsequent analysis. No SNPs with call rate=1 were detected for
DROM-CAP. In Figure 4 is shown the distribution of the SNPs across the chromosomes based on cattle,
sheep and goat genome. Generally, almost every chromosome is represented in the selection, but the number
of SNPs varied depending on the chromosome. In DROM-BOV the lowest number of 338 SNPs was located
on chromosome 25 and the highest number of 2,130 SNPs was on chromosome 1. In DROM-OV the lowest
number of 152 SNPs was located on chromosome 26 and the highest of 1,761 SNPs was still on
chromosome 1. The different number of SNPs detected along the different chromosomes was probably due
to the initial number of SNPs available on each chromosome in each SNP chip. During the SNP selection
process, SNPs located on sex chromosomes and non-annotated SNPs were included to maximize the number
of SNPs detected. Since chromosomes are of different sizes and therefore have a different number of mapped
SNPs on the chips, the general observation is that for each comparison larger chromosomes contributed with
a higher number of SNPs than smaller chromosomes. However, this distribution cannot be applied directly to
the dromedary genome without a good comparative genomic map between the dromedary genome and the
bovine-ovine genomes.
Figure 4. Chromosome distribution of the SNPs with call rate=1.0 for a) DROM-BOV considering the 777K bovine SNP chip and
the UMD3.1 based map b) DROM-OV considering the 600K ovine SNP chip and the Oar 3.1 based map.
Due to the limited number of animals, each SNP with MAF>0 was considered as polymorphic for the
purpose of this study. Considering only the SNPs with Call Rate= 1.0 previously discussed, the majority of
SNPs were polymorphic in the Bovine SNP chip, with 27,585 polymorphic SNPs for DROM-BOV
comparison and 88 polymorphic SNPs for DROM-OV comparison.
Comparing the results with those obtained in other species, we note that the percentage of polymorphic SNPs
for DROM-BOV is unexpectly higher than those found in deer and bison genotyped with the Bovine 50K
SNP chip (Haynes et al 2012, Pertoldi et al 2010) or in wild sheep genotyped with the Ovine 50K SNP chip
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(Miller et al 2011). The high level of polymorphism could result from the high hetereogeneity of the samples
analyzed or we hypothesize that such results may be partially determined by false positives for DROM-
BOV. It is known that the Camelidae andBovidae families diverged around 42.7 Mya (Wu et al 2014)
andBovidae is considered now the closest family to the Camelidae. The divergence of the Caprinae
subfamily (sheep and goat) from the Bovidae occurred around 19 Mya ago (Jiang et al 2014). The results
obtained by our analysis suggest that the Bovidae subfamily, and Bos Taurus in particular, maintain the
highest similarity across the Camelidae family at least based on our dromedary study which is confirmed by
the high synteny of the two genomes (Wu et al 2014).
In conclusion, we detected thousands of high quality SNPs that were polymorphic in dromedary using SNP
chips that belong to three different ruminant species. Several of these SNPs are within coding regions,
reducing the variability around the SNPs for which the probes are built. These SNPs could be considered for
future development of dromedary commercial SNP chips. More effort should be devoted to improving the
genome assembly of the dromedary reference genome and increasing the number of whole sequenced
genomes using single animals and pooled DNA, not only for the dromedary but also for the whole
Camelideae family. This will allow the opportunity to build a Camelidae SNP chip and provide developing
countries a comprehensive low-cost genomic tool that will help to understand the genomic bases of
productive traits in this peculiar family and therefore allow for breeding plans to improve sustainability and
resistance for these species.
Conclusions
We evaluated the general performances obtained by genotyping dromedary samples with ruminant
SNP chips.
While overall performance is low, part of these SNPs could be potentially used and be part of a
dromedary SNP chip.
Taking advantage of the increasing information on high throughput genomic data, some prior SNP
validation will be necessary to verify results found in this study.
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